Introduction
Muscle weakness and peripheral muscle dysfunction are highly prevalent comorbidities of chronic obstructive pulmonary disease (COPD), contributing to exercise intolerance and symptom intensity. 1, 2 Pulmonary rehabilitation (PR) has a well-established role in the management of COPD patients with peripheral muscle dysfunction. 3 Evidence-based guidelines for PR recommend that the exercise component of the program includes endurance and strength training of the lower limbs. 4 Strength training has a greater potential to improve muscle mass and strength than with endurance training. 5, 6 In addition, strength training also induces less dyspnea during the exercise period, making this strategy better performed by patients with moderate-to-severe COPD, than with aerobic training.
The one-repetition maximum (1-RM) strength test is defined as the maximal weight that can be lifted once by proper lifting technique 8, 9 using a resistance machine. 1-RM is considered as the gold standard for assessing muscle strength in non-laboratory situations. 8, 9 The 1-RM is a welltolerated test by patients included in PR programs 10 and has been recently used to evaluate the muscle strength assessment in individuals with COPD. 11, 12 However, the test requires trained personnel and equipment, with unavoidable expenditure in terms of time that may prevent widespread use in health care settings. Quick and easy tools to obtain valid and reliable muscle strength outcomes in most clinical settings, including rehabilitation centers, are needed.
The sit-to-stand test (STST) represents a viable alternative for measuring peripheral muscle strength of the lower limbs. 13 Variations of the STST include the maximum number of times a subject can stand up and sit down on a regular chair in a given period of time, usually 30-seconds or 1-minute, 14, 15 or the time taken to perform a given number of sit-to-stand maneuvers. 16 The STST can be performed in any health care setting, since it requires minimal equipment (conventional chair and stopwatch) and is easy and quick to perform for most subjects.
Accordingly, the aim of this study was to assess the peripheral muscle performance of the lower limbs in COPD patients by two STSTs (30-seconds and 1-minute), as compared to the 1-RM, and to evaluate the responsiveness of STSTs and 1-RM to a PR program with specific strength training (SPR), compared to usual PR program (UPR).
Methods

Design of the study
Firstly, COPD patients were examined in a cross-sectional strategy, to compare 1-RM and the two STSTs in assessing lower muscle performance at baseline. Accordingly, on day 1 of the study, patients performed medical evaluation (medical history and physical examination), pulmonary function tests, and blood gas analysis. On the subsequent day, in the afternoon, patients performed a 6-minute walking test (6MWT) and 1-RM, with an interval of at least 2 hours between each test. On day 3, in the afternoon, patients performed the two STSTs, with an interval of at least 2 hours between each test.
Secondly, patients were randomly allocated into either the intervention group receiving SPR or into the UPR group. Before discharge, patients repeated functional assessments. Differences between initial and final values were calculated.
The study was approved by the Internal Review Board of the Institute of Care and Scientific Research Rehabilitation Institute of Tradate, Salvatore Maugeri Foundation, Tradate, Italy. The procedures were performed between January 7, 2014 to April 9, 2015.
Subjects
We examined 60 patients with COPD who attended an inpatient PR program. The majority of patients were sedentary and housebound. Twenty-four out of 60 patients participated in a previous PR program, but all these patients were free from this PR program for at least 1 year and they were present in both intervention groups, without any statistically significant difference. Thirty subjects were randomly assigned into the SPR group and 30 in the UPR group, and the two groups matched for age, sex, and disease severity. All patients had a diagnosis for COPD according to the Global initiative for chronic Obstructive Lung Disease (GOLD) criteria. 17 Patients who had acute exacerbation over the previous 4 weeks were excluded. Patients who did not complete the PR program, for intercurrent COPD exacerbation, or any unstable medical condition, were also excluded. Contraindications for participation in the PR program included musculoskeletal disorders, malignant diseases, unstable cardiac condition, and lack of adherence to the program. All patients had a smoking history $10 pack years and received regular treatment with inhaled bronchodilators and inhaled steroids according to current guidelines for their disease stage. Each patient signed an informed consent form.
Pulmonary function tests and arterial blood gas analysis
Vital capacity (VC), forced expiratory volume in 1 second (FEV 1 ), total lung capacity (TLC), and residual volume (RV) were measured by means of a flow-sensing spirometer and a body plethysmograph connected to a computer for data analysis (Masterlab, Jaeger, Wurzburg, Germany). Transfer factor of the lung for carbon monoxide (TL,CO) was measured by the single breath method using a mixture of carbon monoxide and methane (Sensor Medics, Yorba Linda, USA). VC, FEV 1 TLC, RV, and TL,CO were expressed as a percentage of the predicted values, which were obtained from regression equations by Quanjer et al 18 and Cotes et al. 19 FEV 1 /VC and RV/TLC ratios were taken as indices of airway obstruction and lung hyperinflation, respectively.
Arterial partial pressure of oxygen and arterial partial pressure of carbon dioxide were measured immediately after sampling from a puncture of the radial artery (Gas analyzer ABL 330; Radiometer, Copenhagen, Denmark). 
1-RM test
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Sit-to-stand peripheral muscle strength in COPD Technogym, Cesena, Italy). Prior to muscular strength testing, all patients were instructed on the proper technique. Briefly, each subject was instructed in sitting position to extend both knees at the same time, starting from a 90° knee flexion position to a 180° extension, which works the thigh muscles, and especially the quadriceps. Prior to performing the 1-RM testing sessions, all participants underwent two familiarization sessions without any load. This 1-RM strength test was to determine the greatest amount of weight that the individual could move in a single repetition, with a random initial load that was increased or reduced in accordance with the individual's ability to perform a repetition; this could be repeated again, with a 1-minute interval between each load. 9 
STST
A straight-backed armless chair with a hard seat was stabilized by placing it against a wall. Floor to seat height was 47 cm. Seated participants were asked to come forward on the seat until their feet were flat on the floor, and to fold their upper limbs across the chest. Participants were then instructed to stand up all the way and sit down once without using the upper limbs. Subjects started in the seated position on the chair and, upon command, stood up and then returned to sitting as many times as possible in a 30-second time period and in a 1-minute time period.
14,15
VAS fatigue
Immediately after 1-RM and STSTs, patients rated the magnitude of their perceived peripheral muscle fatigue to complete the test. We adopted an interval scale, which was a 100 mm horizontal visual analogue scale (VAS), ranging from 0 (no fatigue) to 100 (worst imaginable fatigue). 20 The subjects had to indicate their lower limbs muscle fatigue perception at the moment of the assessment.
Walking capacity
Walking capacity was evaluated by means of the distance covered during a 6MWT according to the American Thoracic Society (ATS) statement. 21 The 6MWT was performed by all patients in a 30 m indoor, level, hospital corridor, under the supervision of a physiotherapist, according to the ATS guidelines. All patients received the same instructions before the walk, and were encouraged by the physiotherapist who repeated set phrases every minute during the walk. A practice 6MWT was not performed. The distance covered during the test was recorded in meters. Patients were allowed to stop and rest during the test but were instructed to resume walking as soon as they felt able to do so.
PR program
The control and the intervention group received the UPR. According to the international recommendations, the PR program was completely tailored to suit the needs of the individual. 3 The program consisted of 15 sessions over a 3-week period. To be included in the study, patients had to perform at least 12 supervised sessions, up to a maximum of 15 sessions. Lower limb endurance training was the main component of the PR program. All patients performed sessions of 30-40 minutes, using a treadmill or cycle-ergometer, depending on the clinically based choice of the physiotherapist, and on the subject's preference. Exercise intensity was based on the initial 6MWT, and patients started their training at 60%-70% of the maximum heart rate (HR) achieved on the 6MWT. 22 Exercises were then adjusted based on patient tolerance (at least weekly) with the aim of achieving a Borg dyspnea score of 3-5 (moderate-severe). To optimize training load supplemental oxygen for patients with chronic respiratory failure and interval training for much compromised patients were adopted. Transcutaneous arterial oxygen saturation, arterial pressure, and HR were monitored during every exercise session. Each session also included supervised upper limb training; patients used an arm ergometer or performed callisthenic exercises holding a light weight. In relation to the patient's needs, the PR program could also include other components, such as airway clearance techniques, pursed lips breathing and exhalation on effort, and inspiratory muscle training using threshold loading devices. Finally, each patient participated in educational activities, individually (at least one time) and in a group (at least three times), regarding self-management, airway clearance techniques, adherence to therapy, and nutritional support. The total daily time duration for all activities was 2-3 hours, and the entire program was conducted in the hospital.
In addition, the intervention group received a SPR of their peripheral muscles. The program consisted of two sets of seven different exercises, 12-20 repetitions each. Initial loads were equivalent to either 60%-70% of the 1-RM or one that evoked fatigue after 8-12 repetitions. The exercise dosage was increased when the individual could perform the current workload for one or two repetitions over the requested number on two consecutive training sessions.
Statistical analysis
Continuous data are reported as mean ± standard deviation, unless otherwise specified. The distribution of variables was assessed by means of the Kolmogorov-Smirnov Goodness-ofFit test. 23 Given the exploratory nature of the study, we did not The agreement between 1-RM and STSTs was assessed by the method of differences against the means according to Bland and Altman. 24 To minimize the relationship between differences and means, the difference between measures was expressed as percentage of the mean. A P-value ,0.05 was considered as statistically significant.
Data analyses and graphical presentations were performed using GraphPad Prism 5 (GraphPad Software, San Diego, California, USA) and SPSS version 20 (IBM, Armonk, New York, USA).
Results
All patients completed the procedures without any dropout. Characteristics of patients at baseline are reported in Table 1 . The two groups were comparable at baseline.
In all patients, at baseline 1-RM was significantly related to the 30-second STST (r=0.48; P,0.001) and to the 1-minute STST (r=0.36; P=0.005) (Figure 1) . Similarly, 6MWT was significantly related to the 30-second STST (r=0.44; P,0.001) and to the 1-minute STST (r=0.48; P,0.001). The relationship between baseline variables and the three outcomes evaluating peripheral muscle strength are shown in Table 2 . Overall, the three outcome measures were directly related to airflow obstruction and negatively related to lung hyperinflation.
According to the Bland-Altman plots, the biases (limits of agreement) between 1-RM and 30-second STST and between 1-RM and 1-minute STST were 26% (-32%-85%) and 80% (32%-128%), respectively (Figure 2) .
By ANOVA there were statistically significant differences in VAS for fatigue among 1-RM, 30-second STST, and 1-minute STST (P=0.002). Post hoc analyses showed statistically significant differences between the perceived fatigue after 30-second STST (40±26) and those after both 1-RM (50±28) and 1-minute STST (58±26) (P=0.047 and P,0.001, respectively) ( Table 3 ). The other comparisons between the three tests, regarding HR, oxygen saturation, and time required to complete the tests are shown in Table 3 .
After PR, in the SPR group significant improvements were observed in 30-second STST (P,0.001), 1-minute STST (P=0.005), 1-RM (P,0.001), and 6MWT (P=0.001) whereas in the UPR group significant improvement was 
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Sit-to-stand peripheral muscle strength in COPD observed in 30-second STST (P=0.042) and 6MWT (P=0.001) ( Table 4 ).
In the SPR group, the improvement in 30-second STST after PR, expressed as a percent change, but not in 1-minute STST, was directly correlated with the change in 1-RM (r=0.47; P=0.009).
Discussion
In this study, we investigated the value of the STST in the assessment of the peripheral muscle strength of lower limbs, by comparing it to the 1-RM and by evaluating its responsiveness to a specific PR program in patients with stable moderate-to-severe COPD. The main result of this study was that in all patients, 30-second STST and 1-minute STST showed a significant correlation with 1-RM, considered as the gold standard for muscle strength assessing. Moreover, only the specific PR program was able to significantly improve the 30-second STST and 1-minute STST, and 1-RM. Finally, as compared to 1-minute STST and 1-RM, 30-second STST was better tolerated in terms of perceived fatigue and quicker to perform in terms of expenditure of time, including instructions to the patient.
It has been recognized that skeletal muscle dysfunction is a common feature in patients with COPD, and may play a significant role in morbidity and mortality. 25, 26 Several studies have demonstrated that peripheral muscle weakness may be a major contributor to exercise limitation in COPD. 1, 27 Although 1-RM is the most reliable test for evaluating the maximal strength of a muscle or group of muscles, 8,9 untrained subjects are not always able to reach 
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Zanini et al their 1-RM. 25 Therefore, a familiarization process prior to 1-RM strength test is essential for ensuring reliable test results, and minimize learning effects or systematic bias. 28 Moreover, multiple familiarization sessions are needed to avoid an improvement in muscle strength due to improved motor coordination or other neural adaptations. 29 Despite being one of the most common tests used in clinical practice for exercise prescription in healthy subjects, proper assessment using 1-RM is time consuming and may lead to muscle fatigue. 30 The STST was found to be a reliable tool to assess lower body strength and performance [13] [14] [15] [16] and might be considered as an alternative tool to 1-RM.
14 Interestingly, Jones et al 14 determined the test-retest reliability of the 30-second chair stand, as a measure of lower body strength in 76 healthy older adults with a mean age of 74 years, and tested its validity by comparing chair-stand performance to 1-RM. They showed a good test-retest intraclass correlation and a highly significant correlation between chair-stand and 1-RM leg-press performance. 14 In addition, Takai et al evaluated 57 elderly healthy subjects with a mean age of 64 years and showed that a combined power index of a ten repeated STST, including time taken for the test, body mass and leg length, can assess the force-generating capacity of knee extensors. 31 However, to the best of our knowledge, no previous studies have so far been addressed to compare STST to 1-RM in COPD patients.
In the present study, we provided the first evidence of a significant correlation between STST and 1-RM kneeextension in a population of COPD clinically stable patients. Notably, the 30-second STST showed a better relationship with 1-RM than 1-minute STST. We also found that the 30-second STST was better tolerated and quicker to be performed by the patients. These findings may have some practical interest. Laboratory tests are expensive, labor intensive, and require specialist equipment and personnel. Moreover, unlike 1-RM, the STST maneuver is simpler, cheaper, and represents a common activity of daily living.
In addition, we demonstrated a significant relationship between lung function and the performance data of the three tests. Albeit with some differences among the three strength tests, the patients with a better preserved pulmonary function were associated with a higher lower limb strength performance. Previous studies showed discordant results. 15, 16 No correlation between pulmonary function, expressed as FEV 1 , and lower limb strength performance, evaluated by 1-minute STST 15 or five repetition STST 16 was reported. On the other hand, Bernard et al found that quadriceps strength, measured during dynamic contractions against a hydraulic resistance, correlated positively with FEV 1 expressed as percentage of predicted. 32 Moreover, Seymour et al reported that the highest prevalence of quadriceps weakness, evaluated by isometric quadriceps maximum voluntary contraction strength, was found in COPD patients with the most severe airflow obstruction. 33 In this study, we found a significant improvement in all the three muscle strength outcomes in the intervention PR group of COPD patients, whereas the effect of conventional PR on lower limb muscle strength had a modest, even if significant change, only in 30-second STST. Previous studies compared the effects of strength and endurance training in patients with COPD, without using STST. [5] [6] [7] 34 Strength training has a greater potential to improve muscle mass and strength than endurance training. 5, 6, 34 Moreover, strength training induces less dyspnea during exercise, which most likely makes it easier to tolerate than with aerobic training. 7 Despite reporting original findings with potential clinical significance, this study has some limitations. We have to acknowledge that sit-to-stand performance can depend, in addition to strength, on sensation, balance, and psychological status, as showed in older people. 35 However, quadriceps strength was found to be an important factor in explaining a considerable part of the variance in sit-to-stand performance. 35 In this study, we evaluated a relatively small cohort of COPD patients. Interestingly, most of the previous studies enrolled similar numbers of patients, [9] [10] [11] [12] 14, 15, 28, 29, 31, 32, 34 whereas few studies analyzed larger cohorts of patients. 16, 25, 35 
Conclusion
In conclusion, STSTs correlated with quadriceps strength measured by 1-RM and were responsive to PR with SPR. The 30-second STST was better tolerated in terms of perceived fatigue and quicker to perform.
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